The study aimed to investigate the difference in major adverse cardiac event (MACE) at 1-year after double kissing (DK) crush versus Culotte stenting for unprotected left main coronary artery (UPLMCA) distal bifurcation lesions.
Unprotected left main coronary artery (UPLMCA) patients with lower risk scores (1) (2) (3) (4) or lesions that are ostial or midshaft (5, 6) appear to have comparative outcomes after drug-eluting stent placement to the coronary artery bypass graft (CABG) (1) (2) (3) . By contrast, distal UPLMCA bifurcation lesions are technically demanding, often requiring double stenting and resulting in less favorable long-term outcomes (3, (5) (6) (7) (8) . Previous studies showed that double kissing (DK) crush and Culotte stenting were effective for coronary artery bifurcation lesions (9 -12) , but, their durability and safety have never been randomly compared. Thus, we designed this DKCRUSH (DK Crush Versus Culotte Stenting for the Treatment of Unprotected Distal Left Main Bifurcation Lesions)-III study aiming to analyze the difference in the MACE between DK crush versus Culotte stenting for UPLMCA distal bifurcation lesions.
Methods
Patient population and randomization. The DKCRUSH-III study was conducted in 18 centers. The protocol was approved by the ethics committee and institutional research board, and written consent was obtained from all patients.
Inclusion criteria were as follows: age Ն18 years, Medina (13) 1,1,1 or 0,1,1 de novo UPLMCA bifurcation lesions, and chronic total occlusion (2) in any parent vessel after successful recanalization. Clinical and angiographic exclusion criteria were demonstrated in Figure 1 . Additional exclusion criteria included pregnancy, a platelet count Ͻ10 ϫ 10 9 /l and suspected intolerance to 1 of the study drugs.
The participants were randomly assigned in a 1:1 ratio to either the DK or Culotte group.
Procedure and medications.
DK crush and Culotte stenting techniques (Fig. 2) have been described previously (11, 14) . The candidate stents were Firebird-2 (Microport Co., Shanghai, China) and Xience V (Abbott Vascular, California).
A 300-mg loading dose of clopidogrel was administered before the index procedure. After the intervention, all patients received 100 mg/day aspirin for life and clopidogrel (75 mg/day) for at least 12 months. Follow-up protocol. Clinical follow-up was performed with office visits or telephone contact at 1, 6, and 12 months. Follow-up coronary angiography was scheduled at 8 months after the index procedure unless clinical reasons indicated earlier.
Serial quantitative coronary analysis was analyzed according to our previous methods (14) . Study endpoints and definitions. The primary endpoint was the occurrence of 1-year major adverse cardiac event (MACE) rate, including myocardial infarction, cardiac death, and/or target vessel revascularization (TVR). Secondary endpoint was in-stent restenosis (ISR). Stent thrombosis (ST) served as a safety endpoint. ST, myocardial infarction, cardiac death, target lesion revascularization (TLR), and TVR were defined according to the Academic Research Consortium definition (15 , and 5). Among patients with distal bifurcation angle Ն70°, NERS (New Risk Stratification) score Ն20 and SYNTAX score Ն23, the incidence of the composite MACE in the DK group was significantly lower than that in the Culotte group (Fig. 6 ). Stent thrombosis. By 12 months, the incidence of definite ST was 1.0% (n ϭ 2) in the Culotte group and 0% in the DK group (p ϭ 0.623). Quantitative coronary analysis. There were 12 (6.8%) ISR at side branch (SB) in the DK group and 22 (12.6%) in the Culotte group (p ϭ 0.037), mostly seen at ostial SB (Table 5 ).
Discussion
The major finding was that Culotte stenting was associated with significantly increased 1-year composite MACE rate, mainly because of the increment of TVR rate. For UPLMCA bifurcation lesions, single-stent strategy was superior to systematic double-stent (including V-stenting, kissing stenting) techniques (3-6). Actually, Culotte stenting is a reverse T stenting, by which intrapro- , post-stenting LCX result was good but ostial LAD seemed to be compromised (f); alternative inflation at 16 atm using noncompliant balloon started from LCX (g) (3.0 ϫ 12 mm NC Sprinter) then LAD (h) (2.5 ϫ 12 mm NC Sprinter, because a 3.0 mm in diameter noncompliant balloon did not pass through the stent cell) was performed, followed by kissing inflation (i); then, a 3.0 ϫ 12 mm NC Sprinter balloon was positioned in LAD, alternative inflation (j) in LAD was followed by final kissing balloon inflation (k). Final results were acceptable (l).
cedural acute closure of the main vessel after stenting SB is unavoidable (14, 16) , this rate was 1% in the present study, which might be catastrophic for distal left main, as we showed that 1 patient died soon after LAD closure. In the ISAR-LEFT MAIN study (12) , 98% of 384 patients with distal UPLMCA lesions were treated by Culotte stenting, the 1-year MACE (15.8%) and ISR (19.4%) in the cypher group were compared well with the current study (14.4% vs. 12.6%, respectively). Except for the limitation of the cypher stent design (close cell) for bifurcation lesions (17), we might be of great courage to postulate that the ISR rate would become significantly higher if distal bifurcation subgroup was analyzed in that study. Our finding, restenotic lesions are most localized in the SB, is consistent with the previous results (11, 12) . Thus, we have to say that DK crush is superior to Culotte stenting when bearing in mind that patients in the ISAR-LEFT MAIN study (12) were less at risk compared with the current study. Bench test (17) and intravascular ultrasound findings (18, 19) reported that a "napkin" or a gap or a metallic ridge is usually seen at the ostial SB after Culotte stenting, leading to the failure to fully cover the ostial SB and resulting in increased ISR and TLR. In contrast, DK crush introduced 2 times of kissing balloon inflation, allowed the full coverage of ostial SB, resulting in less ISR (4, 14) . The sustained durability of DK crush was demonstrated in patients at intermediate-and high-risk stratified by either NERS or SYNTAX score. Furthermore, clinical efficacy of DK crush is also maintained in the patients with distal bifurcation angle Ն70°. The controversy of whether there is a correlation of bifurcation angle with worse outcome has existed for a long time (20) . We postulate that the abnormal hemodynamic change of shear stress induced by Culotte stenting might play a central role in the occurrence of ISR.
For bifurcation lesions, a complex stenting approach has been an independent factor for ST (8, 16) , although there is no convinced data after stenting distal UPLMCA bifurcation lesions. Similar to ST rate (Ͻ1%) by the ISAR-LEFT MAIN trial (12), ST rate (1.0%) after Culotte stenting in the present study was slightly lower than the 1.9% reported by Erglis et al. (9) Values are mean Ϯ SD or n (%). DK ϭ double kissing; eGFR ϭ estimated glomerular filtration rate; LDL ϭ low-density lipoprotein; LVEF ϭ left ventricular eject fraction; MI ϭ myocardial infarction; PCI ϭ percutaneous coronary intervention. Values are n (%) or mean Ϯ SD. *Left anterior descending artery (LAD) was treated as main branch in all patients, with exception for 3 in the DK group and 2 in the culotte group, for whom the left circumflex artery (LCX) was considered the main branch. IVUS ϭ intravascular ultrasound; NERS ϭ New Risk Stratification; RCA ϭ right coronary artery; SYNTAX ϭ Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery; TIMI ϭ Thrombolysis In Myocardial Infarction; other abbreviations as in Table 1 . Clinical Follow-Up Values are mean Ϯ SD or n (%) . CABG ϭ coronary artery bypass graft; MACE ϭ major adverse cardiac event; NS ϭ not significant; TLR ϭ target lesion revascularization; TVR ϭ target vessel revascularization; other abbreviations as in Tables 1 and 2 . Values are n (%) or mean Ϯ SD. FKBI ϭ final kissing balloon inflation; IABP ϭ intra-aortic balloon pump; other abbreviations as in Table 1 .
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Study limitations.
Some kind of angle restriction should have been applied in the design of the study. We did not include a CABG group to contrast with the stenting techniques. However, the promising results achieved by the DK crush technique were comparable with those after CABG. Finally, the results were achieved in very highvolume operators performing these procedures. It remains unclear whether lower volume centers could reproduce these results.
Conclusions
Compared to the DK crush technique, Culotte stenting is associated with significantly increased MACEs in patients with UPLMCA bifurcation lesions. Values are mean Ϯ SD or n (%). *LAD was treated as main vessel in all patients, with exception for
